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OBJECTIVES The aim of this study was to assess the value of a new mapping technique based on
computer-assisted animation of multielectrode basket catheter (BC) recordings in patients
with atrial arrhythmias.
BACKGROUND The three-dimensional activation patterns of cardiac arrhythmias are not completely
understood owing to limitations of conventional mapping techniques.
METHODS The study included 32 patients with atrial tachycardia (AT) and 38 patients with atrial flutter
(AFL). A software program was developed to analyze the activation patterns based on 56
bipolar electrograms recorded with a 64-electrode BC deployed in the right atrium (RA).
RESULTS The total time needed for the animation of activation patterns of atrial arrhythmias was 5 6
0.8 min. In 22 patients with right AT, the animated maps revealed that arrhythmia was
unifocal in 15 patients, multifocal in 2 patients, polymorphic in 4 patients and reentrant in 1
patient. In 10 patients with left AT, breakthroughs on the right side of the septum (2 in 8
patients and 1 in 2 patients) and a left-to-right activation of the RA were demonstrated. In
patients with typical AF, the reentrant excitation was a broad activation front with
preferential propagation around the tricuspid annulus. In patients with atypical AFL, the
reentry circuit involved one of the venae cavae and a line of block located in the posterior wall.
CONCLUSIONS The computer-assisted animation of multiple electrograms recorded with a BC is a valuable
mapping tool that delineates the three-dimensional activation patterns of various atrial
arrhythmias. The technique is appropriate for complex, short-lived or unstable arrhythmias.
(J Am Coll Cardiol 1999;34:2051–60) © 1999 by the American College of Cardiology
Radiofrequency ablation has become the option of choice
for the treatment of an increasing number of atrial and
ventricular arrhythmias. To the same extent, its success has
been related to the accurate mapping of the site of origin
and activation sequence of abnormal cardiac rhythms (1–4).
Detailed endocardial mapping of activation patterns in atrial
arrhythmias has emerged by the use of multiple catheters
placed within the right atrium (RA) through fluoroscopic or
intracardiac echocardiographic guidance (4–9). The multi-
catheter mapping techniques have serious limitations in
terms of proper catheter location, stability and reproducibil-
ity of recordings or procedure duration (9–11). The con-
ventional technique is particularly handicapped when at-
tempting to construct three-dimensional activation patterns
of arrhythmias.
The multielectrode basket catheters (BC) represent map-
ping tools that provide simultaneous multiple recordings in
the cardiac chambers in which they are deployed (12,13).
The purpose of this study was to evaluate the clinical
usefulness of a new technique of visualization of atrial
arrhythmias based on animation of the electrical signals
recorded with a 64-electrode BC deployed in the RA.
METHODS
Patient group. The study group consisted of 70 patients
who were referred for electrophysiologic evaluation from
July 1996 to September 1998. All patients had electrocar-
diographic (ECG) documentation of spontaneous episodes
of the arrhythmia (atrial tachycardia [AT] in 32 patients,
typical atrial flutter [AFL] in 34 patients and atypical AFL
in 4 patients). The clinical characteristics of the patients are
shown in Table 1.
Definition of arrhythmias. The diagnosis of AT was based
on well-established criteria (14,15). Electrocardiographic
diagnosis of multifocal atrial tachycardia was based on an
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atrial rate of 100 to 250 beats/min with at least three
different P wave configurations (14). Tachycardias with
different but monomorphic configurations observed or in-
duced in the same patient were considered as polymorphic.
Typical AFL was based on the following criteria: 1) typical
surface ECG appearance; 2) constant beat-to-beat cycle
length, polarity, configuration, amplitude and counterclock-
wise or clockwise activation sequence around tricuspid
annulus in endocardial recordings; and 3) entrainment
characteristics including manifest entrainment during pac-
ing from the high RA and concealed entrainment during
pacing within the inferior vena cava–tricuspid annulus
isthmus (16). Atypical AFL was considered reentrant atrial
arrhythmias with a flutter-like surface ECG pattern and an
endocardial activation sequence and response to attempted
entrainment inconsistent with counterclockwise or clock-
wise AFL (17). If no sharp bipolar electrogram was re-
corded in the RA earlier than 10 ms before the onset of the
ectopic P wave, the arrhythmia was considered to have
originated in the left atrium (18).
Electrophysiologic study. Written informed consent was
obtained from all patients according to the protocol ap-
proved by the Institutional Review Board of our hospital.
Antiarrhythmic drugs were discontinued $5 half-lives be-
fore the study. Patients were mildly sedated with 1 to 2 mg
midazolam administered intravenously.
Before the BC (Constellation, EPT) insertion, a two-
dimensional echocardiographic study was performed to
determine the diastolic dimensions of the RA. These
dimensions were used to select the appropriate BC size. The
BC was deployed into the RA through an 11F sheath
inserted from the femoral or internal jugular veins (10
patients with AF). The BC was composed of 64 electrodes
mounted on eight flexible, self-expanding nitinol splines.
The electrodes are equally spaced at 4 or 5 mm apart
depending on the size of the BC used (with diameters 48
and 60 mm). Each spline is identified by a letter (from A to
H) and each electrode by a number (from 1 to 8). Electric–
anatomic relations were determined by the following crite-
ria: 1) fluoroscopically identifiable markers (spline A has one
marker and spline B has two markers located near the BC
shaft); 2) recording of a large ventricular signal identified
the spline(s) located across the tricuspid valve; and 3)
recording of the His bundle potential. From 64 electrodes,
56 bipolar electrograms are derived (by combining 1–2, 2–3
until 7–8 electrodes on each spline).
After BC deployment in the RA, conventional catheters
are introduced and positioned in the standard positions. A
5F decapolar electrode catheter with an interelectrode dis-
tance of 2 mm and 10 mm spacing between the electrodes
was positioned in the coronary sinus (CS), with the proxi-
mal electrode pair located at the ostium. A quadripolar
catheter with 5 mm interelectrode distance was positioned
across the tricuspid valve to record His bundle potential. A
simultaneous surface 12-lead ECG and bipolar intracardiac
electrograms were continuously acquired with a filter band-
width of 30 to 500 Hz, digitized (1,000 samples/s) and
displayed on a high resolution monitor at a speed of
200 mm/s for inspection and review. Data were stored on
optical disks for retrieval and off-line analysis. Anticoagu-
lation was performed by bolus administration of 5,000 UI
heparin, followed by continuous intravenous heparin infu-
sion at an infusion rate of 1000 UI/h.
If AT or AFL was not present at the beginning of study,
induction of arrhythmias was attempted with extrastimuli
applied during pacing with cycle lengths of 500 ms and
400 ms or burst pacing from the high RA and CS. To
facilitate arrhythmia induction, orciprenalin, at a starting
dose of 0.5 mm/min was intravenously infused. The dose
was incremented until the heart rate increased by 30%.
Overview of software program. The software was de-
signed as a 32-bit MS Windows program that can be run on
common office computers.
Data access. From the BARD LabSystem, selected se-
quences up to 10 s of the recorded data are binary exported
Abbreviations and Acronyms
AFL 5 atrial flutter
AT 5 atrial tachycardia
BC 5 basket catheter
CS 5 coronary sinus
ECG 5 electrocardiogram or electrocardiographic
RA 5 right atrium or atrial
Table 1. Patients’ Clinical Characteristics
AT
(n 5 32)
AFL
(n 5 38)
Age (yrs) 52.8 6 19
(range 19–78)
61 6 11.5
(range 27–83)
Male/female ratio 16:15 22:16
Arrhythmia duration (years) 2.5 6 2.2
(1 month to
10 years)
2.5 6 2.3
(3 months to
7 years)
No. of failed drugs 1–3
(median 2)
1–5
(median 3)
Structural heart disease
Coronary artery disease 6 11
Dilated cardiomyopathy 7 4
Congenital heart disease — 3
Aortic valve disease — 3
Hypertrophic cardiomyopathy 2 1
Myocarditis 1 1
Left atrial myxoma — 1
Sarcoidosis 1 —
Arterial hypertension 9 10
No structural heart disease 6 4
Data are presented as mean value 6 SD or number of patients.
AFL 5 atrial flutter; AT 5 atrial tachycardia.
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to floppy disks (1.44 MByte). In addition to BC bipolar
electrograms, up to 10 reference channels can also be
exported.
Activation recognition. Pattern recognition or the cross-
correlation method was used as an algorithm to mark the
activation timing (19). The technique “compares” the signal
with a pattern (mathematic sine). The result is a function
that matches the signal with the sine pattern. Each time the
function is higher than a user-definable percentage of the
maximal matching on this channel, the nearest zero crossing
is marked as an activation. The algorithm works with a
user-definable sensitivity and has a preview function. Man-
ual correction of recognized activations (deleting or moving)
is available for every channel.
Data presentation. The timing and spread of activation are
displayed in several ways: ECG view, tables and animations.
In the ECG view the activation timing is marked with a red
bar. In the table option, a table (also readable by standard
office applications like MS Excel) can be generated by the
software that contains the following information for each
channel: time of all activations, interval between activations
and mean and standard deviations of these intervals. During
presentation as an animation, the software runs continu-
ously over a selected period of the ECG. The local activa-
tion times were then color-coded, with red indicating the
ongoing activation front, pink indicating the earliest acti-
vated regions and yellow, green and blue indicating inter-
mediately activated regions. Isochronal maps can be pre-
sented in either a planar or three-dimensional model,
schematically drawn as a sphere.
Radiofrequency ablation procedure. In patients with focal
AT, the spot of earliest activity was targeted. In patients
with AFL, the anatomic approach, with the goal of pro-
ducing a line of block between the tricuspid annulus and the
eustachian ridge/inferior vena cava, was used. The ablation
catheters used were RF Marinr (Medtronic, Minneapolis,
Minnesota), with a 4-mm tip, or Blazer (EPT, San Jose,
California), with an 8-mm tip. Radiofrequency energy was
delivered as a nonmodulated radiofrequency current at a
frequency of 550 kHz, between the tip of the catheter and
a skin patch placed under the left shoulder for up to 60 s at
a preset temperature mode (70°C).
Statistical analysis. Data are presented as the percentage
or mean value 6 SD. For continuous data, the two-tailed
Student t test was used to test for statistical difference.
Differences were considered significant at p , 0.05.
RESULTS
The total time needed for animation of atrial arrhythmias
was 5 6 0.8 min (with a 233-MHz microprocessor personal
computer). The BC maintained good electrical contact
during the cardiorespiratory cycle and provided good quality
and stable multiple electrograms throughout the procedure.
Stable electrograms of satisfactory quality were obtained in
49 6 3 electrode pairs.
Activation patterns in AT. The AT originated in the RA
in 22 patients (69%) and in the left atrium in 10 patients
(31%). Response to electrical stimulation and orciprenaline
showed that AT was automatic in 17 patients (6 patients
with left AT) and nonautomatic in 15 patients (4 patients
with left AT).
Animated maps of the ATs located in the RA showed
that the earliest activity emerged from a circumvented
region (focus or exit point) in 20 patients. A single focus was
found in 15 patients. Polymorphic right AT was found in
four patients (three patients had two different sustained
tachycardias and one patient had three different tachycar-
dias); two patients had multifocal right AT. In patients with
unifocal tachycardia, the impulse originated from a single
focus and was propagated radially without evidence of
turning back to the site of origin (Fig. 1A). A preferential
(anisotropic) conduction in superoinferior aspects of the
RA, as compared with transversal aspects, was seen in all
patients (Fig. 1B). The mean cycle length for unifocal
tachycardias was 344 6 67 ms. The earliest endocardial
electrical activity preceded the beginning of the P wave in
the surface ECG by 41 6 9 ms. The locations of success-
fully ablated RA foci (including patients with multifocal
ATs) were as follows: base of RA appendage in 4 patients,
lateral region in 11 patients (high in 4 patients, mid in 4
patients and low in 3 patients), low posterolateral region in
3 patients, mid-posterior in 1 patient, mid-septal in 1
patient and low septal region in 1 patient. In two patients
with multifocal AT, the animated maps revealed beat-to-
beat variations in the site of the earliest activity, activation
sequence and cycle length (Fig. 2). As seen in Figure 2C,
even a slight change in the focus site was associated with a
significant change in the activation sequence within the RA.
In one patient, a macroreentrant AT was repeatedly
induced with extrastimuli. Animated maps demonstrated
continuous electrical activity throughout the cycle length.
In addition, the animated maps delineated the lines of
block (manifested as double potentials) and the zones of
slow conduction and guided the successful ablation (see
Results of ablation).
In patients with left AT, the animated maps of the RA
had the following characteristics: 1) two separate break-
throughs of earliest activity arrhythmia on the right side of
the interatrial septum in eight patients (Fig. 3); 2) one
breakthrough of earliest activity in two patients; and 3)
activation of the RA from the breakthroughs in a left-to-
right direction in all patients. In eight patients, the electrical
activity in the CS preceded the activity in the BC record-
ings. In two patients with tachycardias located in the region
of the right upper pulmonary vein, the breakthroughs on the
right side of interatrial septum were recorded before activity
in the CS electrograms. The mean cycle length for auto-
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Figure 1. A, Simultaneous recordings of the surface ECG, leads I and aVF, and 56 bipolar electrograms from the BC in a patient with
focal AT. The first beat is a sinus beat. The next three beats are tachycardia beats. His bundle potential is recorded in electrode pairs F2–3
and F3–4. The asterisks show the earliest spot of activation during sinus rhythm (SR) and AT. Spline A was located in the anterolateral
RA, splines B and C in the lateral region, splines D and E in the posterior region and splines G and H across the tricuspid valve. The
activation times are marked with red bars. B, Animated maps of the SR (upper panel) and AT (lower panel) beats. Planar and
three-dimensional options are shown. During SR the impulse emerged in the high lateral area (spline B1–2) and propagated rapidly down
the lateral wall. The complete activation of the RA took 85 ms. During focal AT, the earliest activity emerged in the mid-posterior wall
(spline E4–5). The activation sequence of the RA was entirely different from that of SR. The complete activation of the RA took 95 ms.
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matic left ATs was 282 6 28 ms (p 5 0.03 compared with
tachycardias originating in the RA).
Activation patterns in typical AFL. Spontaneous coun-
terclockwise and clockwise AFs were documented in 28 and
6 patients, respectively. During electrical stimulation, seven
patients with counterclockwise AFL and three patients with
clockwise AFL developed both types of arrhythmia. The
cycle lengths of the counterclockwise and clockwise episodes
of AFL were 238 6 22 ms and 243 6 19 ms, respectively
(p 5 NS). The BC recordings and animated maps showed
that the reentrant activation consisted of a broad wave front
directed superiorly in the septum and inferiorly in the
trabeculated lateral wall with preferential propagation
around the tricuspid annulus. An example of the BC
recordings and the animated maps of a counterclockwise
Figure 2. Multifocal right AT. Upper panel, Multiple bipolar BC electrograms. Three different firing foci are marked by arrows. The first
beat originated in the low lateral region of the RA (electrodes A7–8). The second and third beats originated in close vicinity to each other
in the high posterior wall (electrodes D2–3 and D1–2). Lower panel, Animated maps of the beats shown in the upper panel. Despite the
fact that beats 2 and 3 originated in close vicinity, the activation patterns of the RA were clearly different. Map A corresponds to beat 1;
map B to beat 2; and map C to beat 3.
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Figure 3. Left AT. A, Fluoroscopic views of the
BC. Small white circles mark the positions of
electrode pairs G1–2 and H7–8 located in the
high anteroseptal and low posteroseptal regions.
Red letters mark splines located anteriorly. B,
Simultaneous recordings of the surface ECG,
leads I and aVF, and bipolar electrograms from
the BC and CS. Electrode pairs G1–2 and H7–8
(arrows) record the earliest activation in the RA.
C, Animated maps of the BC recordings. Left
panel, First 15 ms of activation in the RA.
Right panel, Complete activation of the RA.
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AFL episode is shown in Figure 4. In 13 episodes of
clockwise AFL, the animation maps showed that the
impulse propagation followed the same route in the reverse
direction.
Activation patterns and location of reentry circuit in
atypical AFL. In all 11 episodes of atypical AFL, (spon-
taneous in 4 patients, during orciprenaline infusion in 3
patients and during interruption attempts of AFL in 4
patients), an undulating activity without a discernible iso-
electric segment was recorded on the surface ECG. The
mean cycle length of atypical AFL was 183 6 18 ms (p ,
0.001, as compared with the mean cycle lengths for coun-
terclockwise and clockwise AFL). Atypical AFL episodes
degenerated in atrial fibrillation in six episodes, stabilized to
counterclockwise AFL in two episodes and terminated
spontaneously in three episodes. In eight episodes (73%) of
atypical AFL originating in the RA, we were able to locate
reentry circuits. In five patients, the reentry involved the
lower RA traveling around the inferior vena cava. Common
to all these reentry circuits were the early breakthroughs at
the lower to mid portions of the crista terminalis (Fig. 5).
Cycle length was slightly higher than the rest of the group
(192 6 10 vs. 175 6 28 ms, p 5 NS). The lateral and septal
walls were activated in a counterclockwise direction in three
patients and in a clockwise direction in two patients. In two
patients, the reentry traveled around the superior vena cava
and a line of block located in the posterolateral region. The
reentrant impulse ran in a counterclockwise direction in
both episodes. In one patient, the RA was activated from a
figure eight reentry with slow conduction located in the
posteroseptal region (Fig. 6). In three patients with highly
diseased atria (with low amplitude electrograms and large
electrically silent areas), the reentry circuit could not be
located.
Results of ablation. With a mean of 6 6 5 radiofrequency
deliveries, 21 foci (in 17 patients with right AT) were
successfully ablated. In patients with multifocal AT and one
patient with three different ATs, ablation was not at-
tempted. In the patient with reentrant AT, a linear lesion in
the posterior wall terminated the arrhythmia that was not
inducible with electrical stimulation and orciprenaline ad-
ministration. Patients with left ATs were treated in separate
procedures: two patients underwent ablation of tachycardia
originating in the right upper pulmonary vein region by the
transseptal approach and five patients underwent His bun-
dle ablation and pacemaker insertion owing to coexistence
of frequent episodes of atrial fibrillation. The remaining
three patients were treated with drugs because of their
unwillingness to undergo a repeated procedure. In patients
with AFL, ablation terminated the arrhythmia in 32 pa-
tients with typical AFL, including two patients with spon-
taneous atypical AFL due to reentry in the lower RA. No
attempts were made to ablate pacing or orciprenaline-
induced atypical AFLs. A mean of 16 6 14 radiofrequency
applications was registered.
DISCUSSION
The present study demonstrates the animated three-
dimensional activation patterns of the RA based on activa-
tion times recorded with a BC in patients with AT and
AFL. The main features of this new technique are: 1) it
provides a complete picture of activation for most of the RA
endocardial surface. The degree of resolution is lower than
that in experimental mapping systems but appears satisfac-
tory for clinical purposes. 2) The procedure is safe and fast;
thus, it is useful for unstable or short-lived arrhythmias.
Importantly, the recording of only a single beat can be
sufficient to enable analysis of the arrhythmogenic substrate.
3) The color-coded animation images simplify the analysis
of multielectrode recordings and help in establishing the
relation between activation patterns and anatomic struc-
tures.
Animated mapping of ATs. Atrial tachycardias account
for nearly 15% of supraventricular tachycardias (20) and may
occur in the presence or absence of underlying heart disease
(21). They have several mechanisms (22) and multiple
locations with a clustering propensity in selected regions of
the RA (4,23). Different mapping techniques have been
proposed to increase the accuracy of the location of auto-
matic foci or anatomic determinants of reentry (5,6). After
surgical repair for congenital heart disease, delineation of
the proper location of ablation target can be difficult (11).
The animation technique was highly effective in delin-
eating the tachycardia mechanisms and location of culprit
anatomic structures. In patients with automatic tachycar-
dias, the site of origin and typical activation pattern for focal
rhythms were demonstrated in all patients. This mapping
technique, based on animation of multiple bipolar electro-
grams recorded with a BC, was clearly advantageous in
patients with complex arrhythmias. Multiple foci were
rapidly located and analyzed with animated maps. Thus, the
technique avoids a laborious search for multiple foci in the
complex three-dimensional structure of the RA. Despite the
limited number of patients with reentrant AT, considering
the performance of the procedure in patients with AFL the
technique could be equally effective in these atrial arrhyth-
mias.
Three-dimensional activation patterns in typical AFL.
Previous studies (24–27) have shown that typical AF is a
stable macroreentrant arrhythmia with a very specific loca-
tion of reentry circuit. The findings of this study are in
agreement with those other studies. Animated maps dem-
onstrated that reentrant excitation in typical AFL presents a
broad wave front in most of the reentry circuit. Points
located in close proximity to the tricuspid annulus were in
the forefront of the activation wave throughout the annulus
perimeter. Our data coincide with those of Kalman et al.
(9), who have demonstrated that the tricuspid annulus
constitutes a continuous barrier for reentrant wave front in
typical AF.
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Figure 4. Upper panel, Simultaneous surface ECG leads II and III and BC and CS recordings in a patient with counterclockwise AF.
Splines A and B were located in the anterolateral region; spline C in the septal region; spline D in the posterior region; spline E in
posterolateral region; and splines F through H in the lateral region of the RA. The BC was inserted from the jugular vein. Complete
coverage of the reentry circuit is demonstrated. Lower panel, Animated maps. A, Isthmus conduction. B, First 30 ms of activation in the
septal and posterior walls. C, After 100 ms, the activation reaches the roof of the RA. D, Craniocaudal activation of the lateral region.
E, Locations of the BC splines versus anatomic structures of the RA. The proximal pole of the BC is located over the inferior vena
cava–tricuspid valve isthmus.
Activation patterns in atypical AFL. Atypical AFL is still
a largely unknown arrhythmia in terms of mechanisms or
clinical significance (17). The findings of our study regard-
ing atypical AFL of RA origin can be summarized as
follows: 1) atypical AFLs are a heterogeneous group of
arrhythmias that have in common a flutter-like ECG
appearance; 2) the majority of the reentry circuits involve
one of the venae cava owing to transverse breakthroughs at
the level of the crista terminalis; and 3) atypical AF has close
relations with atrial fibrillation and can be induced by
sympathomimetic drugs. The disputed clinical significance
of the arrhythmia and the multiple locations of reentry
circuits discourage the application of a standardized ablation
therapy. However, if the reentry circuit involves the isth-
mus, then the ablation strategy could be the same as for
typical AFL.
A recent, elegant study by Cheng et al. (28) demonstrated
that the lower loop reentry appears to be one of the
mechanisms for atypical AFL in the RA. Our data, based on
the images of the animated maps in the RA atypical flutters,
completely confirm this finding. In another recent study,
Gomes et al. (29) successfully terminated atypical AFL by
applying radiofrequency energy at the lateral high RA. This
location could be consistent with the location of the reentry
circuit around the superior vena cava found in two patients
in our series.
Study limitations. A recent study from our laboratory
demonstrated, with contrast injection in the RA, that the
BC does not enable complete coverage of the RA endocar-
dium (30). Regions such as the RA appendage and the
inferior vena cava–tricuspid annulus isthmus are incom-
pletely covered by the BC. As a result, foci located in or
reentry involving these structures are not covered by the BC.
In patients with AFL, satisfactory isthmus coverage (two to
four electrode pairs) is achieved by inserting the BC through
the jugular veins. The degree of resolution provided by BC
bipolar recordings is insufficient to reflect microreentry as a
mechanism of AT. The transseptal approach to deploy the
BC in the left atrium was not used in this study. Accord-
ingly, in our study we could not address questions related to
left atrial tachycardia, especially left atrial flutter.
Conclusions. Computer-assisted animation of multiple
electrograms recorded with the BC is a valuable mapping
technique that enables the construction of three-
dimensional activation patterns of various atrial arrhyth-
mias. The technique is appropriate for unstable, short-lived
and complex arrhythmias. The color-coded animation im-
Figure 5. Activation patterns in a patient with atypical AF.
Reentry involving the lower RA traveled around the inferior vena
cava in a clockwise direction. The cycle length was 186 ms. Splines
H and A are located in the lateral region; splines B and C in the
posterior region; splines D, E and F in septal region; and spline G
in anteroseptal region of the RA. Electrode pairs 7–8 were located
in the lower RA. Left panel, Reentrant impulse is divided into two
wave fronts: the first one shortcuts in the posterolateral wall (B4–5)
and reenters the isthmus region, and the second goes up the lateral
wall and down the septal wall. Right panel, By the time the second
wave front reaches the low septal region, the first wave front passes
through the isthmus and reactivates the lateral wall.
Figure 6. Figure-eight reentry in a patient with atypical AF. The zone of slow conduction is located in the posterior RA (splines E and
F). Crowded isochrones alongside splines D and F indicate functional lines of block. A, The exit of impulse from the common pathway.
B, Impulse propagation in two loops located in the posterolateral (splines C and D) and septal regions (splines G and H) of the RA and
merge of both wavefronts at the level of electrode pairs E5–6 and F5–6. C, Activation through the common pathway located in the posterior
wall. The cycle length of the AF was 166 ms.
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ages simplify the analysis of multielectrode recordings and
help in establishing the relation between activation patterns
and anatomic structures.
Reprint requests and correspondence: Dr. Bernhard Zrenner,
Deutsches Herzzentrum Mu¨nchen, Lazarettstrasse 36, D-80636,
Mu¨nchen, Germany. E-mail: Zrenner@dhm.mhn.de.
REFERENCES
1. Jackman WM, Wang XZ, Friday KJ, et al. Catheter ablation of
accessory atrioventricular pathways (Wolff-Parkinson-White syn-
drome) by radiofrequency current. N Engl J Med 1991;324:1605–11.
2. Langberg JJ, Man KC, Vorperian VR, et al. Recognition and catheter
ablation of subepicardial accessory pathways. J Am Coll Cardiol
1993;22:1100–4.
3. Stevenson WG, Khan H, Sager P, et al. Identification of reentry
circuit sites during catheter mapping and radiofrequency ablation of
ventricular tachycardia late after myocardial infarction. Circulation
1993;88:1647–70.
4. Lesh MD, Van-Hare GF, Epstein LM, et al. Radiofrequency catheter
ablation of atrial arrhythmias: results and mechanisms. Circulation
1994;89:1074–89.
5. Kay GN, Chong F, Epstein E, et al. Radiofrequency ablation for
treatment of primary atrial tachycardias. J Am Coll Cardiol 1993;21:
901–9.
6. Tracy CM, Swartz JF, Fletcher RD, et al. Radiofrequency catheter
ablation of ectopic atrial tachycardia using paced activation sequence
mapping. J Am Coll Cardiol 1993;21:910–17.
7. Chu E, Kalman JM, Kwasman MA, et al. Intracardiac echocardiog-
raphy during radiofrequency catheter ablation of cardiac arrhythmias
in humans. J Am Coll Cardiol 1994;24:1351–7.
8. Olgin JE, Kalman JM, Fitzpatrick AP, Lesh MD. Role of right atrial
endocardial structures as barriers to conduction during human type I
atrial flutter: activation and entrainment mapping guided by intracar-
diac echocardiography. Circulation 1995;92:1839–48.
9. Kalman JM, Olgin JE, Saxon LA, et al. Activation and entrainment
mapping defines the tricuspid annulus as the anterior barrier in typical
atrial flutter. Circulation 1996;94:398–406.
10. Davis LM, Cooper M, Johnson DC, et al. Simultaneous 60-electrode
mapping of ventricular tachycardia using percutaneous catheters. J Am
Coll Cardiol 1994;24:709–19.
11. Triedman JK, Saul JP, Weindling SN, Walsh EP. Radiofrequency
ablation of intra-atrial reentrant tachycardia after surgical palliation of
congenital heart disease. Circulation 1995;91:707–14.
12. Jenkins KJ, Walsh EP, Colan SD, et al. Multipolar endocardial
mapping of the RA during cardiac catheterization: description of a
new technique. J Am Coll Cardiol 1993;22:1105–10.
13. Eldar M, Fitzpatrick AP, Ohad D, et al. Percutaneous multielectrode
endocardial mapping during ventricular tachycardia in the swine
model. Circulation 1996;94:1125–30.
14. Naccarelli GV, Shih HT, Jalal S. Sinus node reentry and atrial
tachycardias. In: Zipes DP, Jalife J, editors. Cardiac Electrophysiology:
From Cell to Bedside. Philadelphia: W.B. Saunders, 1995:607–19.
15. Haines DE, DiMarco JP. Sustained intraatrial reentrant tachycardia:
clinical, electrocardiographic and electrophysiologic characteristics and
long-term follow-up. J Am Coll Cardiol 1990;15:1345–54.
16. Waldo AL. Atrial flutter: new directions in management and mech-
anism. Circulation 1980;81:1142–3.
17. Kalman JM, Olgin JE, Saxon LA, et al. Electrocardiographic and
electrophysiologic characterization of atypical atrial flutter in man: use
of activation and entrainment mapping and implications for catheter
ablation. J Cardiovasc Electrophysiol 1997;8:121–44.
18. Haissaguerre M, Jais P, Shah DC, et al. Spontaneous initiation of
atrial fibrillation by ectopic beats originating in the pulmonary veins.
N Engl J Med 1998;339:659–66.
19. Stockhausen N. Signal und Bildverarbeitung. In: Bley H, editor.
Kompendium Medizin und Technik. Gräfelfing, Forum-Medizin-
Verl. Ges., 1994:364–425.
20. Josephson ME, Wellens HJ. Differential diagnosis of supraventricular
tachycardia. Cardiol Clin 1990;8:411–42.
21. Chen SA, Tai CT, Chiang CE, et al. Focal atrial tachycardia:
reanalysis of the clinical and electrophysiologic characteristics and
prediction of successful radiofrequency ablation. J Cardiovasc Electro-
physiol 1998;9:355–65.
22. Chen SA, Chiang CE, Yang CJ, et al. Sustained atrial tachycardia in
adult patients: electrophysiological characteristics, pharmacological
response, possible mechanisms, and effects of radiofrequency ablation.
Circulation 1994;90:1262–78.
23. Kalman JM, Olgin JE, Karch MR, et al. “Cristal tachycardias”: origin
of right atrial tachycardias from the crista terminalis identified by
intracardiac echocardiography. J Am Coll Cardiol 1998;31:451–9.
24. Klein GJ, Guiraudon GM, Sharma AD, Milstein S. Demonstration of
macroreentry and feasibility of operative therapy in the common type
of atrial flutter. Am J Cardiol 1986;57:587–91.
25. Cosio FG, Arribas F, Barbero JM, et al. Validation of double-spike
electrograms as markers of conduction delay or block in atrial flutter.
Am J Cardiol 1988;61:775–80.
26. Feld GK, Fleck RP, Chen PS, et al. Radiofrequency catheter ablation
for the treatment of human type 1 atrial flutter: identification of a
critical zone in the reentrant circuit by endocardial mapping tech-
niques. Circulation 1992;86:1233–40.
27. Olshansky B, Okumura K, Hess PG, Waldo AL. Demonstration of an
area of slow conduction in human atrial flutter. J Am Coll Cardiol
1990;16:1639–48.
28. Cheng J, Cabeen WR, Scheinman MM. Right atrial flutter due to
lower loop reentry: mechanism and anatomic substrates. Circulation
1999;99:1700–5.
29. Gomes JA, Santorini-Rugiu F, Mehta D, et al. Uncommon atrial
flutter: characteristics, mechanisms, and results of ablative therapy.
Pacing Clin Electrophysiol 1998;21:2029–42.
30. Schmitt C, Zrenner B, Schneider M, et al. Clinical experience with a
novel multielectrode basket catheter in right atrial tachycardias. Cir-
culation 1999;99:2414–22.
2060 Zrenner et al. JACC Vol. 34, No. 7, 1999
Animation of Atrial Arrhythmias December 1999:2051–60
